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- 'Auger observables at'a glance - -

 EM profile (FD)
 Muon Production profile (SD)

— Time structure of muon dominated
regions

—
=
w
=>
=
®
s
o
7))

e All particles (total signal)
"¢ Pure muonic
— Inclined showers

 EM/Mu separation

1500 — Time structure
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on Ty _air

Ay systematics
Hadronic interaction models

+15mb
;%g mb

Energy scale +7mb
Conversion of A, to fFEE;(: +7mb
Photons, <0.5% < +10mb
Helium, 10% —12mb
| .Helium, 25 % —30mb]
Helium, 50 % —80mb
Total (25 % helium) —36mb, +28 mb

v o
Possible He contami

nation is the

main'source of systematic .

uncertainty. 25% He maximum contamlnatlon |

assumed fOgsys. uncertainties

See more details

ANRAS

Cross section (proton-air) [mb]

Results

Equivalent c.m. energy+/s

o [TeV]
107 1 102
B I I IIIIIII I I IIIII1| ITI IIITIII l I I IIIIIII I I LI
Tl]l]_— DoTeV 23ETeV  TTEV 14Tev
B O Mametal 16875 LHC
= ) Siohan et al. 1878
— L Baltrusaitis et al. 1884
El]l]_— s  Miclke ot al. 1004
B " Honda et al. 1882
= O KEnurenko et al. 1882
00— &  HiResICRC 2007 .
[ & Aglieta et al 2000
B »  Ajellietal. 2000 ’___.-*_';:-
A00|— 4 Yakutsk ICRC 2011 — nf;
— —i— Auger ICRC 2011 ﬁi;;ﬁ" ; - == OGSJetllc
B {] —ee= QGSJetll 3
— — - Sibyl 2.1
300 -
g rf#? mmmms Epos 120
2[“]1- ||||||u] 1 ||||||‘ ||||||u] 1 ||||u,|] ||||||u] 1 ||||u,|] ||||||u] 1 ||||u,|] 1 |||||||| 1
10" 10 10" 10" 10" 10" 10" 10" 10"% 10%
Energy [eV]

and ICRC20

T p_air = [5{]5 + 225404 {-'—_2336 ‘!‘v‘*-‘ mb

m@l
PF"

— [g[] :IZTstﬂ: '[ 11)5:{5 +1. 5G|auber] mb
/Sop = [57 £ 6] TeV




- Muon.production in air.showers.

* Analysis of temporal structure of SD signals
* Analysis of signal size of inclined showers

* Analysis of signal size of hybrid events
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- Temporal structure of SD signals.

Low pass filter-> EM component . Variables sensitive to large relative
_ After Substraction of EM-> Muons fluctuations and short signals.

Conversion to muon fraction by:

f,=a+bO+cfi;+dOPR, +er

Where a,b,c,d,e were calculated using
simulations

oL Sl s Fh e a o See more details ICRC2013
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A Results -
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Muon signal recaling wrt QGSletll.04 proton
20

% Auger data (multivariate)

: EPOS.LHC proton Auger data (smoothing)
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Fit the muon density in stations

Pu= N19p,u,19(x1 y)

. Where N,, free parameter
~ Andp, 4 (x,y) is fixed, corresponding to
+ « proton QGSJetll-03 at 10%° eV

Ratio of the total number of muons Nu to

N, 19 (proton QGSletll-03 at 10%° eV)

R,=N_,/N

Correspondence (<5% bias correction)

x [km]

Example of p , 1, for proton showers at 8=80°, ¢=0"and core at (x,y) = (0,0)
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Find simulations which
match FD profile, for each
event

Compare SD signals for
simulations and data

Rescale muon content until
simulated SD best match
data
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- " Indentifying the discrepancy . -

* R;: Energy rescaling. Rescales EM and

muonic components o
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"EM profile. . ‘[@
o VS N -
.~ Muon Production profile

~1-2 hadr. generations after the 1st interaction |

— >90% energy is in the EM channel,

— EM cascade practically decoupled from the hadronic
cascade

'« MPD profile: reflects development of the hadronic
cascade

— All hadr. generations contribute
e AXH & AX test different hadronic properties
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“Canclusions &\ =

for particle production measured at

— Compatible with most models.
— Systematics: up to 25% He contamination.

* Updated

new E scale, method’s improvements and new hadronic models,

— X, incompatible with iron dominated.up to 2x10% eV ->

, but angular
dependence close to proton at 10%° eV

— Muon rescaling factor
need for

provides new constraints in '
hadronic models
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Muon fraction measurements and models
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Linearity check*
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